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Summary
Background.— The burden of sudden unexplained death in sub-Saharan Africa is unknown.
Aim.— The aim of this study is to establish the epidemiology of sudden cardiac death in
Cameroon.
Methods.— The Douala sudden unexplained death (Douala-SUD) study is a prospective,
multiple-source, community-based surveillance of all cases of unexpected death (< 24 hours
from onset of symptoms) occurring in victims aged > 15 years. After approval from institu-
tional boards, all deaths occurring in residents of four areas of Douala city will be checked
for circumstances of death and past medical history. Subjects who die naturally will be
further investigated. Unexpected death victims will be checked for detailed demographic, clin-
ical, electrocardiographic, echocardiographic and biological records. Autopsy background and
genetic analysis (postmortem or in ﬁrst relatives if the young victim is aged < 40 years) will be
performed as far as possible. Finally, the use of cardiopulmonary resuscitation efforts during
the timeframe of sudden cardiac arrest will also be evaluated.
Conclusion.— The Douala-SUD study will provide comprehensive, contemporary data on the
epidemiology of sudden unexplained and cardiac death in sub-Saharan Africa and will help in
the development of strategies to prevent and manage cardiac arrest in Cameroon as well as in
other sub-Saharan countries.
© 2014 Elsevier Masson SAS. All rights reserved.
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Résumé
Contexte.— Les données sur la fréquence de la mort subite cardiaque en Afrique subsaharienne
sont parcellaires et peu robustes.
Objectif.— L’objectif de cette étude est d’établir l’épidémiologie de la mort subite cardiaque
au Cameroun.
Méthodes.— L’étude Douala-SUD est une enquête prospective, multi-site, observationnelle et
communautaire, colligeant tous les décès par arrêt cardiaque brutal, inattendu (moins de
24 heures après le début des symptômes), chez les sujets de plus de 15 ans vivant dans 4 aires de
santé de certains districts de la ville de Douala. Après approbation des comités d’éthique locaux,
tous les décès survenant dans lesdites aires géographiques vont être analysés aﬁn de déterminer
leurs circonstances de survenue ainsi que le passé médical des victimes. Tous les décès naturels
et inattendus vont être davantage investigués. Leurs données démographiques, cliniques, élec-
trocardiographiques, échocardiographiques et biologiques vont être colligées. Les autopsies
cardiaques et l’analyse génétique post-mortem ou des familles de victimes jeunes (< 40 ans)
vont être réalisées dans la mesure du possible. Enﬁn, la propension à réaliser les manœuvres
de ressuscitation cardiopulmonaire va également être évaluée.
Conclusion.— L’étude Douala-SUD va améliorer la compréhension de l’épidémiologie de la mort
subite inexpliquée et cardiaque en Afrique subsaharienne. Par conséquent, elle sera une valeur
ajoutée pour le développement des stratégies de politiques de santé publique pour la préven-
tion et la prise en charge des arrêts cardiaques au Cameroun et dans la sous-région d’Afrique
subsaharienne.
© 2014 Elsevier Masson SAS. Tous droits réservés.
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tackground
he overwhelming proportion of sudden death is of cardiac
rigin [1,2]. Sudden cardiac death (SCD) is an unexpected
eath from cardiac causes occurring within a short time
eriod in a person without any prior condition that would
ppear fatal [3—10]. Studies assessing risk predictors of
CD have been performed in community-based cohorts
11—18] and have shown that deﬁnitions can be standardized
nd systematic circumstantial and clinical evidence can be
btained and used to maximize accuracy in identifying the
CD phenotype [19]. Therefore, Fishman et al. developed a
o
a
oniﬁed deﬁnition for SCD that can be used to ascertain the
CD phenotype in community-based cohort studies as well
s in investigations conducted in the general population. An
established SCD’ is an unexpected death without obvious
xtracardiac cause, occurring with a rapid witnessed col-
apse or, if unwitnessed, occurring within 1 hour after the
nset of symptoms. A ‘probable SCD’ is an unexpected death
ithout obvious extracardiac cause, which occurred within
he previous 24 hours. In any situation, the death should not
ccur in the setting of a prior terminal condition, such as
malignancy that is not in remission or end-stage chronic
bstructive lung disease. The term ‘sudden cardiac arrest’
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(SCA) is used to describe SCD cases in which speciﬁc resus-
citation records are available or the individual has survived
the cardiac arrest event [19].
Up to half of all cases of cardiac death are attributable to
SCD [7—9,11,16]. It is estimated that more than 3.7million
lives per year are lost to SCD worldwide, including 250,000
to 300,000 in the USA [15,20]. In the USA and Europe, the
annual incidence of SCD ranges from 50 to 100 per 100,000
in the general population [11,19—21]. In Asia, the inci-
dence of SCD has been reported to range from 37 to 43 per
100,000 person-years [13,14,17,18]. SCD is mainly caused by
coronary artery disease (CAD) [22—25]. Although cases of
SCA due to CAD and other causes have been reported in the
black African population [26—33], these studies had mainly
a cross-sectional, retrospective design (Table 1). The lack of
diagnostic tools to rule out inherited arrhythmogenic aeti-
ologies leads to miss diagnosis as well as to misdiagnosis [29].
National public health policies regarding detection, preven-
tion and treatment of non-communicable diseases (NCDs)
are inconsistent, mainly due to lack of epidemiological data
[34—36].
The Douala sudden unexplained death (Douala-SUD)
study is a collaborative study that aims to collect com-
prehensive data on the prevalence and incidence of
unexplained premature deaths in Cameroon, disease and
patient characteristics, mechanisms of cardiac arrest and
survival rate in the setting of underuse of cardiopulmonary
resuscitation programmes.
Methods
Study design
Study population
This is a prospective, multiple-source, community-based,
cohort surveillance of all cases of sudden and unexpected
death in the city of Douala.
Objectives
The speciﬁc objectives of the registry are as follows:
• to estimate the incidence of SCD in the city of Douala;
• to characterize all unexplained premature deaths;
• to evaluate the extent of the use of cardiopulmonary
resuscitation efforts in this remote community area;
• to evaluate outcomes of survivors of SCA.
Study eligibility
To be eligible, subjects must be a resident of the adminis-
trative area (district) included in the study registry and the
district must have an updated population census. Subjects
can be included if they are a person who has experienced
an unexpected sudden natural death or a victim of cardiac
arrest who has been resuscitated. Subjects will be excluded
if they are aged≤ 15 years or if consent has been refused by
the subject (if resuscitated) or by the family.Data collection
Run-in period
In eight of 57 health areas constituting all six Health Districts
of the city of Douala, investigators conducted a pilot survey
m
o
r
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o determine the trend of sudden death and evaluate the
dherence of each health area team to the effective col-
ection of data during a 6-month run-in period. The choice
f these eight health areas was based on the selection of
reas with > 30,000 inhabitants as the ﬁrst step and random
ampling among them as the second step.
ain study period
wo health areas were excluded for inaccurate data col-
ection and two others were randomly disqualiﬁed as we
ad previously decided to conduct the survey in fewer than
our areas. The mode of randomization aimed to include
o more than one health area per health district. Finally,
nvestigators retained four health areas representing four of
ix health districts of Douala (Table 2). Thus, the sampling
f 240,384 inhabitants will be monitored prospectively. All
dministrative staff and the community healthcare commit-
ee — the so-called ‘comité de santé’ (COSA; Table 2)— of
ach health area will be a key component of the research
eam, helping to identify each case of death in the area of
oncern.
Every case of death will be recorded by the COSA staff
n a speciﬁc questionnaire form (Table 3). A nurse will col-
ect the circumstances of death, to rule out non-natural
eaths, such as those caused by road accidents, intoxica-
ion and other factors. A postgraduate medical fellow will
ollect sociodemographic and clinical data for every victim
f natural death. A senior physician will study every case
f suspected SCD, using all medical ﬁles available as well as
nformation from relatives. The ﬁnal diagnosis of SCD will be
ade by at least two cardiologists; in case of disagreement
etween both experts, a third opinion will be sought. Data
ill be recorded in an Electronic Case Report Form (e-CRF;
ee Appendix A). For victims with an ascertained diagnosis
f SCD, an autopsy is recommended (with family consent).
ampling for genetic analyses is recommended for young
ictims (aged < 40 years) or their ﬁrst relatives [37—39].
opulation monitoring
iven the known 2012 population size of each health area
nd the population growth rate of 2.5% in Cameroon [40],
he estimated population size of the areas of interest is
bout 240,384 inhabitants. As 57% of people are aged > 15
ears in Cameroon [40], the study sample consists of
37,018 residents. Given the overall mortality rate of 14.1
eaths per 1000 inhabitants, the expected annual all-death
ate in the sample is 1423 cases. Akimwusu et al. found a
revalence of sudden death of 4% in a Nigerian registry [26].
herefore, investigators expect to observe 41 sudden deaths
er 100,000 inhabitants/year. This incidence is similar to
ncidences found in several Asian populations [13,14,17,18].
ence, during the 3-year follow-up period, investigators
xpect to detect 120 cases of sudden death. Over this
eriod, eligible residents of all four health areas of inter-
st will be monitored regarding death occurrence. Monthly,
ach health district’s administrative staff and the COSA will
rganize a meeting together with the study medical staff.
very case of suspected SCD will be discussed during the
eeting. Given the prevalence of CAD in autopsied victims
f SCD [1,9,22], CAD (a disease causing exercise- and stress-
elated chest symptoms due to narrowing of ≥ 50% in the
eft main coronary artery and ≥ 70% in one or several of
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Table 1 Reported cases of syncope or sudden death in black Africans living in Africa.
Case Main disease Authors Title Country Type of
publication
Journal, year Size (n)
1 BrS Bonny
et al.
Brugada syndrome in
pure black Africans
Ivory Coast,
Benin, DR
of Congo
Article Journal of
Cardiovascular
Electrophysiology,
2008
6
2 BrS Ouali et al. Clinical and
electrophysiological
proﬁle of Brugada
syndrome in the
Tunisian population
Tunisia Article Pacing and Clinical
Electrophysiology,
2011
24
3 HCM Hiam et al. Mort subite du
sportif au Sénégal :
étude rétrospective
sur 8 ans
Senegal Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
5
4 IHD Rotimi
et al.
Sudden unexpected
death from cardiac
causes in Nigerians:
a review of 50
autopsied cases
Nigeria Article International
Journal of
Cardiology, 1998
50
5 Paediatric
sample
Arthur
et al.
Sudden deaths:
cardiac and
non-cardiac in
children in Accra
Ghana Article West African
Journal of
Medicine, 1995
16
6 CAD and RHD Schneider
et al.
Causes of sudden
death in Addis
Ababa, Ethiopia
Ethiopia Article Ethiopian Medical
Journal, 2001
63
7 Unknown Houenassi
et al.
Aspect
epidémiologiques de
la mort subite dans
la ville de Parakou
Benin Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
23
8 Multiple
causes (CAD,
DCM, LQTS,
RHD)
Talle et al. SCD in sub-Saharan
Africa: a 12-month
review in the
University of
Maiduguri Teaching
Hospital, Nigeria
Nigeria Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
17
9 Multiple
causes (DCM,
CAD, RHD)
Thiam
et al.
La mort subite
cardio-vasculaire au
Sénégal : étude
rétrospective sur
7 ans
Senegal Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
235
10 LQTS Leye et al. QT long congenital
syncopal évocateur
de syndrome de
Jervell Lange
Nielsen
Senegal Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
1
11 NCCM Kamotho
et al.
A rare presentation
of non-compaction
cardiomyopathy in
Kenya
Kenya Abstract PASCAR
Conference,
Dakar; 15—20 May,
2013
1
12 ARVD/C Kouakam Syncope in a black
African with
arrhythmogenic
right ventricular
dysplasia
Cameroon Unpublished
data
Unpublished data 1
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Table 1 (Continued)
Case Main disease Authors Title Country Type of
publication
Journal, year Size (n)
13 Hypertensive
CM (mainly)
Akinwusi
et al.
Pattern of sudden
death at Ladoke
Akintola University
of Technology
Teaching Hospital,
Osogbo, South West
Nigeria
Nigeria Article Vascular Health
and Risk
Management, 2013
∼16
ARVC: arrhythmogenic right ventricular cardiomyopathy; ARVD: arrhythmogenic right ventricular dysplasia; BrS: Brugada syndrome;
CAD: coronary artery disease; CM: cardiomyopathy; DCM: dilated cardiomyopathy; DR: Democratic Republic; HCM: hypertrophic
cardiomyopathy; IHD: ischaemic heart disease; LQTS: long QT syndrome; NCCM: non-compaction cardiomyopathy; PASCAR: Pan-African
Society of Cardiology; RHD: rheumatic heart disease; SCD: sudden cardiac death.
Table 2 Demographic and ethnic characteristics of Health Districts included in the Douala-SCD surveya.
HD Total
population
in 2013b (n)
HAs (n) Mean populationc;
range, smallest
HA—largest HA (n)
HA of the study;
populationc (n)
Main ethnic groups of the
study populationd
Logbaba 308,230 7 44,032;
18,817—86,803
None
Nylon 468,298 9 52,033;
4859—109,323
None
New-Bell 259,948 10 25,994;
16,795—37,751
Mbam Ewondo;
35,726
Ewondo-Bulu-Eton,
Bamiléké, Baﬁa, Bassa,
Bamoun, from Benin,
Nigeria and Niger
Deido 608,965 12 50,747;
19,190—122,995
Bessengue;
38,878
Bamoun, Sawa
Bonassama 309,619 11 28,147; 675—48,753 Bonamikano;
48,753
Sawa, Bassa, Bamiléké,
Bamoun,
Toupouri-Aoussa-Foulbé,
from Nigeria and Senegal
Cité des Palmiers 423,584 8 52,948;
17,460—117,027
Cité des
Palmiers 1;
117,027
Bassa, Sawa, Ewondo-Bulu
Total 2,378,644 57 41,730;
675—122,995
Four HAs;
240,384
HA: health area; HD: health district.
a Given the health sectoral policy in Cameroon aiming at decentralize healthcare, HDs were created, following the demarcation of
administrative territories (districts). The HD is an operative geographic unit offering basic healthcare for a given population. Douala is a
city divided into six HDs and 57 HAs. An HA is a subdivision of an HD consisting of at least one village or some neighbourhoods. HAs have
dialogue structures, which are a kind of operative ‘link’ between healthcare institutions and the general population. The community
healthcare committee (COSA) is one of these dialogue structures; its members are non-medical residents of the HA.
b Growth rate 2.5%.
c As the 2013 population census is pending, we calculated the projection of population size using the growth rate of 2.5%.
d Cameroon is divided into provinces. The distribution of ethnic groups per province is as follows: North provinces = Toupouri, Aoussa
Sou
a
tand Foulbé; West provinces = Bamiléké and Bamoun; Central and
Littoral = Sawa (Douala, Bakoko, Aboh, Pongo, etc.) and Bassa.
the major coronary arteries [41]) will be tracked and the
revised deﬁnition of myocardial infarction will be used [42].
In addition to the deaths noted by members of each COSA,
investigators will pay attention to all notices of deaths in
local newspapers and on the radio, questioning of health
area residents and death certiﬁcates from local medical
centres. Data on the medical history of victims will be gath-
ered by collecting information from general practitioners
S
T
f
cth provinces = Ewondo, Bulu, Eton, Bassa and Baﬁa; Province of
nd examining the records of each medical centre where
he victim was being followed.tudy management
he research team in each health area will record data
or victims on the questionnaire form. The research team
omprises: one postgraduate fellow with the thesis topic
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Table 3 Identiﬁcation questionnaire.
Health
area
Month/year: / Investigator
Identity
of the
victim
Gender Age Date of
death
Place of
death
Dwelling-
place
Suggested cause of
death/Circumstances
of death
Identity and contact
of family member
Each member’s staff of the ‘COSA’ who lives in a neighbourhood belonging to the health area of interest will ﬁll above questionnaire.
Afterwards, a nurse will select ﬁles of victims from natural causes of death. Finally, the post-graduate fellow will contact family
member of the victim for further investigations.
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[Epidemiology of SCD in sub-Saharan Africa’ (apart from
hen required to check an index case, this student must visit
he mortuary and the staff of the COSA bimonthly, collect
ll data ﬁles for the victim that can help to rule out causes
f death and have a monthly brainstorming meeting with
he research team); qualiﬁed nurses, who will be the ﬁrst
ine for evaluation of natural deaths and will work in collab-
ration with district administrators and community health
ommittees; the District’s administrator and the COSA will
rovide information about all deaths among inhabitants of
ach heath area; and physicians will be leading coordinators
n all health areas where the survey is being conducted
together with all members of the research team, they will
nalyse all deaths and resolve all uncertainties in suspected
ases).
thical issues
pproval from National Ethical Committees and local insti-
utions will be obtained before starting the survey. Before
ampling, informed consent will be obtained from the vic-
im (for survivors of SCA) or their legal representatives and
amily members (for SCD) prior to inclusion in this study.
onﬁdentiality will be ensured in accordance with the Dec-
aration of Helsinki.
tatistical analysis
he yearly incidence of SCD will be assessed by dividing the
umber of cases registered each year by the total num-
er of inhabitants in the same age range, standardized
or 10,000 inhabitants. Standard errors and 95% conﬁdence
ntervals around the point estimates will be calculated
ssuming a Poisson error distribution. Missing data related
o the undetermined causes of death after investigation
ay affect the exhaustiveness of incidence rate estimates;
his will be managed through simple imputation based on
he rate of SCD in sub-Saharan countries [26], using the
ypothesis that the causes of death are missing at random.
ensitivity analyses will be performed to assess the robust-
ess of our incidence rate estimates by assuming, on the
ne hand, that missing data are linked to SCD and, on the
ther hand, that missing data are not related to SCD and
ill not be considered in incidence rate calculations. Char-
cteristics of patients experiencing SCD will be presented
s frequencies or mean values with standard deviations.
s
a
w
tifferences between men and women will be tested by
hi2 tests for categorical variables and t tests for contin-
ous variables. Furthermore, the temporal trends in the
ncidence and the association between sudden death and
ociodemographic/clinical factors will be assessed through
oisson regression and logistic regression models, respec-
ively.
iscussion
he Douala-SCD study is an attempt to characterize com-
rehensively the burden of sudden death in a sub-Saharan
frican country. The structure and functioning of health
istricts (Table 2) allow communities to manage their
wn health care. This optimal organization will facilitate
ollection of data on sociodemographics and clinical charac-
eristics of victims, and will minimize loss of cases. Thus, the
esults of this survey will provide contemporary data on the
ncidence, aetiology, patient characteristics and outcomes
f SCD in the city of Douala, which has all the sociodemo-
raphic characteristics of the population of the country.
tudy strengths and limitations
he Douala-SCD study is a community-based, prospective
egistry aimed at determining the incidence and prevalence
f SCD in the biggest town in Cameroon. Although this study
ollows recommendations that favour a multiple-source
pproach rather than a retrospective death certiﬁcate-
ased review [43—45], several weaknesses will limit the
ertinence of the collected data. Firstly, the lack of com-
lex and expensive cardiovascular diagnostic tools, such as
xercise electrocardiogram testing, stress echocardiogra-
hy, radionuclide imaging, coronary computed tomography
canning and coronary angiography, may underestimate the
AD burden, which is the leading cause of sudden death
n developed Western countries. Secondly, the underuse
f drug challenges and electrophysiological studies limits
nvestigation of inherited arrhythmogenic disorders, which
re the ﬁrst cause of SCD in young people aged < 40 years
37—39]. Lastly, a centralized medical records database with
oftware tools facilitating extraction of useful information
bout underlying diseases is unavailable. Hence, our results
ill address a global view of SCD burden rather than show
he real phenotype/genotype characteristics of each case.
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Difﬁculties and perspectives
The results of this survey should help us to understand if
SCD is a public health problem in Africa. As preliminary
reports tend to indicate, and in the light of what is being
done in Western and Asian countries [46], this maiden sur-
vey in the ﬁeld of SCD in Africa will create the platform
for advocating preventive public health policies in the ﬁght
against SCA, as well as for primary cardiovascular prevention
in general. However, to achieve this goal, investigators will
face some barriers. Indeed, the run-in period allowed inves-
tigators to identify factors limiting optimal data collection.
The ﬁrst difﬁculty is low population adherence to sharing
information about their private life with unknown people
(investigators). In fact, some people are not willing to give
information about the circumstances of death, particularly
when the ﬁrst-line investigator is a non-medical person.
The second difﬁculty is the cultural resistance to signing
any consent form. Convincing people is time-consuming and
requires the accurate explanation of why it is important for
relatives to exclude an inherited disorder as the cause of
death of their family member. The third difﬁculty is the
problem with performing autopsies, because of cultural and
religious beliefs. The fourth difﬁculty is the lack of data
regarding past medical history (including imaging records).
Therefore, the phenotype characteristics of deaths will be
based more on clinical description rather than on detailed
physical, imaging and anatomopathological features. This
f
r
l439
ustiﬁes the use of the term ‘sudden unexplained death’ for
ases when cardiac causes of death are difﬁcult to establish.
inally, local fundraising is a great challenge.
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ppendix A. Electronic case report form (Douala Sudden Cardiac Death Survey).
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Appendix A (Continued )
All information of interest for establishing causes
of death will be recorded in the e-CRF. These data
include socio-demographic (identity, age, gender, nation-
ality, employment status, monthly incomes), past medical
history focusing on cardiovascular conditions, the eti-
ology of death and the associated medical conditions.
In-hospital/out-of-hospital, unwitnessed/witnessed deaths,
activity of the time of SCD, time of occurrence (day/night)
and post-resuscitation outcome will be noticed. Medical
history reports heart diseases (as HF, MI, CM, CAD, RHD),
neurological, tropical, infectious and other. Clinical eval-
uation and diagnostic tests refer to physical examination,
12-lead ECG, blood biochemistry, non-invasive cardiac tests
(TTE, Holter ECG, stress imaging, signal-averaged ECG,
cardiac MRI), invasive tests (coronarography, electrophys-
iological study, autopsy) and genetic screening. e-CRF:
electronic case report form; SCD: sudden cardiac death;F: heart failure; MI: myocardial infarction; CM: cardiomy-
pathy; CAD: congenital heart disease; RHD: rheumatic
eart disease; ECG: electrocardiogram; TTE: transthoracic
chocardiography; MRI: magnetic resonance imaging.
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